I. Introduction
===============

1. Background of guidelines {#sec1}
---------------------------

Urinary tract infections (UTIs) are infectious diseases that commonly occur in communities. They are classified as upper UTIs (pyelonephritis) and lower UTIs (cystitis, prostatitis) depending on the site of infection and as uncomplicated or complicated according to underlying diseases and anatomical or functional abnormalities of the urinary tract. Clinical manifestations of UTIs vary from asymptomatic bacteriuria to septic shock. Having a sufficient understanding of these symptoms and using appropriate antibiotics are crucial for preventing serious complications and antibiotic misuse and for inhibiting the expression of resistant bacteria.

The global monitoring report on antibiotic resistance released by the World Health Organization in 2014 reported the increased resistance of major bacteria to cephalosporins and fluoroquinolones to be a serious worldwide health issue, and Korea should also take measures against this trend. Efforts to raise awareness about this issue and resolve it are necessary. Policies to establish and distribute standard guidelines for antibiotic selection for appropriate treatment of UTIs and inhibition of the emergence of antibiotic-resistant bacteria have been in demand.

The causative bacteria of UTIs in Korea have higher resistance to trimethoprim/sulfamethoxazole (TMP/SMX) than those in the United States and Europe where TMP/SMX is recommended as a primary antibiotic for UTIs. In Korea, fluoroquinolones are mainly recommended as a primary antibiotic for UTIs. However, since the causative bacteria of UTIs in Korea are more resistant to fluoroquinolones than those in the United States and Europe, the failure rate of fluoroquinolone treatments is high. Although nitrofurantoin and fosfomycin have been recommended in foreign countries as substitutes for fluoroquinolones, they can be used for lower UTIs only, and they have not been widely used in Korea owing to lack of advertisement and constraints on the introduction of new drugs. Intravenous cephalosporins are commonly administered for upper UTIs accompanied by fever. However, as the population of resistant bacteria that produce extended-spectrum β-lactamases (ESBLs) has increased, the failure rate of cephalosporin treatment has also increased.

Various treatment guidelines providing the clinicians treating UTIs with scientific evidence have been developed in foreign countries. In Korea, the Korean Society of Infectious Diseases, the Korean Society for Chemotherapy, the Korean Association of Urogenital Tract Infection and Inflammation, and the Korean Society of Clinical Microbiology developed and published guidelines for UTIs in 2011. Recently, the Korean Association of Urogenital Tract Infection and Inflammation published new guidelines for UTIs in 2016. Owing to the changes in the antibiotic resistance of causative bacteria and the recent publication of studies on them, an update on the domestic guidelines has been demanded. In compliance with the policies of the related academic societies, and with the support of the Korea Centers for Disease Control and Prevention, the present guideline has been developed.

2. Patients for whom the guideline is applicable {#sec2}
------------------------------------------------

This guideline is on the use of antibiotics for community-acquired UTIs affecting patients aged 18 years or older. The guideline targets asymptomatic bacteriuria, acute uncomplicated cystitis, acute uncomplicated pyelonephritis, complicated pyelonephritis related to urinary tract obstruction, and acute bacterial prostatitis. Hospital-acquired infections that occurred 48 hours after hospital admission or catheter-associated UTIs were excluded. Patients with UTIs who were diabetic, were immunosuppressed, or had other underlying chronic illnesses, and were thus associated with complex factors aside from urinary tract obstruction, were also excluded from the target patient group of this guideline.

3. Professionals for whom guideline use is recommended {#sec3}
------------------------------------------------------

This guideline has been developed for easy reference by health professionals, experts, and general physicians from various departments who treat UTIs in large-scale hospitals or clinics.

4. Principles and method of guideline update {#sec4}
--------------------------------------------

This guideline was developed based on domestic and foreign clinical guidelines that could be referred to during the development period as well as recently published literature. This guideline may be subject to revisions if new antibiotic treatments for UTIs are developed or if important changes in the antibiotic resistance of causative bacteria of UTIs occur.

Summary of recommendations
--------------------------

II. The Process of Guideline Development
========================================

1. Forming a treatment guideline committee {#sec1___1}
------------------------------------------

The development committee consisted of a chairman (Seong-Heon Wie, the Catholic University College of Medicine) and five committee members recommended by the Korean Society for Chemotherapy and the Korean Society of Infectious Diseases, one committee member recommended by the Korean Association of Urogenital Tract Infection and Inflammation, two committee members recommended by the Korean Urological Association, and two committee members recommended by the Korean Society of Nephrology.

2. The process of treatment guideline development {#sec2___1}
-------------------------------------------------

The committee determined the method of treatment guideline development. The basic objective was to update the Korean guideline developed in 2011. For the existing key questions from the guideline, study findings that were published after the guideline was developed in 2011 were searched and added to the guideline, and the level of recommendation was determined. In addition, important questions that required additional findings were answered using the adaptation method. For questions regarding uncomplicated cystitis, the adaptation method was used. For the remaining four diseases, key questions were summarized and partially revised in the guideline.

### 1) Guideline search

Guidelines for the five diseases that were developed after 2011 were searched in the National Guideline Clearinghouse (NGC) and OVID MEDLINE. They were searched using disease names on the NGC, and using Mesh terms related to the diseases and guideline search filters on MEDLINE \[[@B1]\]. Search results are shown in [Table 1](#T1){ref-type="table"}. Two committee members selected seven guidelines for the five diseases from the search results.

###### Guideline search results by disease

![](ic-50-67-i001)

  Disease                 Number of guidelines found             Number after duplicate removal                                                                           
  ----------------------- -------------------------------------- -------------------------------------------------------------------------------------------------------- ---
  Bacterial prostatitis   Search word: prostatitis               Search equation: prostatitis.mp. or exp Prostatitis/                                                     3
  Result: 86              Result: 17                                                                                                                                      
  Selected: 1             Selected: 2                                                                                                                                     
  Cystitis                Search word: cystitis                  Search equation: exp cystitis, interstitial/ or exp cystitis/ or cystitis.mp.                            6
  Result: 19              Result: 89                                                                                                                                      
  Selected: 1             Selected: 5                                                                                                                                     
  Bacteriuria             Search word: bacteriuria               Search equation: bacteriuria.mp. or exp bacteriuria/                                                     3
  Result: 14              Result: 44                                                                                                                                      
  Selected: 2             Selected: 3                                                                                                                                     
  Complicated UTI         Search word: urinary tract infection   Search equation: urinary tract infections.mp. or exp urinary tract infections/                           2
  Result: 113             Result: 333                                                                                                                                     
  Selected: 2             Selected: 1                                                                                                                                     
  Acute pyelonephritis    Search word: pyelonephritis            Search equation: exp pyelonephritis, xanthogranulomatous/ or exp pyelonephritis/ or pyelonephritis.mp.   6
  Result: 12              Result: 36                                                                                                                                      
  Selected: 2             Selected: 6                                                                                                                                     

UTI, urinary tract infection.

### 2) Formulating key clinical questions

Referring to the seven selected guidelines, the key questions of the 2011 guideline were reorganized into the PICO format, and questions about uncomplicated cystitis were formulated, resulting in a total of 23 key questions.

### 3) Guideline assessment and selection

Three experts assessed the quality of the seven guidelines using the AGREE II tool. The quality assessment results are shown in [Table 2](#T2){ref-type="table"}. Through a discussion among the committee members, five guidelines to be included in the adaptation of the uncomplicated cystitis guideline were finally selected. The selected guidelines are listed in [Table 2](#T2){ref-type="table"}. The 2016 guideline by the Korean Association of Urogenital Tract Infection and Inflammation and the 2011 guideline by the Korean Society of Infectious Diseases had relatively low AGREE scores. They were nonetheless selected because they were domestically developed guidelines and thus have high applicability.

###### Characteristics of the selected guidelines
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  AGREE Area of assessment                    AGREE score                                                                                                   
  ------------------------------------------- ------------- ----------------- ------------- ------------- ----------------- ------------------------------- -------------------------------
  Scope and purpose                           81.5%         66.7%             92.6%         59.3%         77.8%             33.3%                           31.5%
  Stakeholder participation                   42.6%         57.4%             81.5%         42.6%         18.5%             18.5%                           25.9%
  Strictness in the developmental process     77.8%         47.2%             69.4%         37.5%         29.2%             31.9%                           18.1%
  Expression clarity                          88.9%         66.7%             88.9%         74.1%         70.4%             64.8%                           44.4%
  Applicability                               36.1%         29.2%             62.5%         22.2%         19.4%             13.9%                           16.7%
  Independence of editing                     72.2%         22.2%             50.0%         83.3%         5.6%              5.6%                            27.8%
  Overall result: recommended to use or not   Recommended   Not recommended   Recommended   Recommended   Not recommended   Recommended (revision needed)   Recommended (revision needed)
  Selected or excluded?                       Selected      Excluded          Selected      Selected      Excluded          Selected                        Selected

IDSA, Infectious Diseases Society of America; DGU, German Society of Urology; SIGN, Scottish Intercollegiate Guidelines Network; EAU, European Association of Urology; ACOG, American Congress of Obstetricians and Gynecologists; KAUTII, Korean Association of Urogenital Tract Infection and Inflammation; KSID, Korean Society of Infectious Diseases.

### 4) Adaptation

For the key questions on uncomplicated cystitis from the five selected guidelines, the recommendation status and the corresponding recommendation level were determined. The guideline committee assessed the acceptability and applicability of the guidelines based on these results.

### 5) Additional evidence search

After the guidelines selected for the revision and adaptation processes were confirmed to be up-to-date, additional evidence was searched for certain time periods. Two committee members selected the search results and included them in the revision contents.

### 6) Writing the guideline and determining the recommendation level

Recommendations were rewritten to be more relevant to the revised key questions in the revision process. In the adaptation process, the five selected guidelines were referred to create a new guideline.

The recommendation levels for asymptomatic bacteriuria, uncomplicated pyelonephritis, and acute bacterial prostatitis outlined in the 2011 guideline were revised as shown in [Table 3](#T3){ref-type="table"}. As part of the adaptation process, the recommendation levels were converted to criteria of GRADE methods.

###### Revised recommendation levels
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  Levels of evidence of the 2011 guideline   Revised evidence level                                                        
  ------------------------------------------ ----------------------------------------------------------------------------- ----------
  1                                          Evidence from at least one randomized controlled trial                        High
  2                                          Evidence from a well-designed clinical study, albeit not a randomized trial   Moderate
  3                                          Expert opinions based on clinical experiences or committee reports            Very Low

  Levels of recommendation of the 2011 guideline   Revised recommendation level                            
  ------------------------------------------------ ------------------------------------------------------- ----------------------------
  A                                                Enough evidence for recommendation                      Strong
  B                                                Some evidence to be considered, albeit not sufficient   Weak
  C                                                Insufficient evidence for recommendation                No Specific Recommendation

### 7) Consensus methodology on guideline adoption

The guideline committee held a meeting to discuss and to reach a consensus about the contents of the guidelines and their recommendation grades.

### 8) Assessment and review by external experts

A guideline established through a discussion among the guideline committee members was presented at the annual meeting hosted by the Korean Society for Chemotherapy and the Korean Society of Infectious Diseases, and at the primary physician educational program held by the Korean Society for Chemotherapy. The contents discussed at the conference were revised and improved through additional discussion among the committee members. The final, revised guideline was reviewed and approved by the Korean Society for Chemotherapy, the Korean Society of Infectious Diseases, the Korean Urological Association, the Korean Association of Urogenital Tract Infection and Inflammation, and the Korean Society of Nephrology.

### 9) Support

This guideline was developed with the support of the Policy Research Project of the Korea Centers for Disease Control and Prevention in 2017. The committee members who participated in the development of this guideline were not influenced by any government authorities, academic societies, pharmaceutical companies, or interest groups.

III. Clinical practice guidelines by specific diseases
======================================================

1. Asymptomatic bacteriuria {#sec1___2}
---------------------------

### 1) Background and epidemiology

Asymptomatic bacteriuria is a common infection. It frequently affects people with anatomical or functional anomalies of the urinary system, and can also be observed in those with a normal urinary system \[[@B2][@B3]\]. In general, asymptomatic bacteriuria does not have secondary effects \[[@B4]\]. Unnecessary antibiotic administration for asymptomatic bacteriuria can induce antibiotic resistance and cause drug-related adverse events \[[@B5]\]. Therefore, treatment with antibiotics should be limited to those for whom the benefits of these antibiotics have been proven \[[@B5]\].

In women, the incidence of asymptomatic bacteriuria increases with age. Asymptomatic bacteriuria is detected in 20% of women aged 80 years or older. Asymptomatic bacteriuria is rare in men younger than 70 years of age. Approximately 5--10% of asymptomatic bacteriuria in men occurs in those aged 80 years or older. Asymptomatic bacteriuria does not increase the incidence of renal failure, hypertension, or mortality \[[@B6]\].

*Escherichia coli* is the most common causative microorganism of asymptomatic bacteriuria affecting women residing in local communities. Other common causative microorganisms include *Enterobacteriaceae* such as *Klebsiella pneumoniae* and gram-positive bacteria such as enterococci \[[@B7][@B8]\]. Although *E. coli* is the most common cause of asymptomatic bacteriuria among Korean inpatients, the incidence of asymptomatic bacteriuria caused by *E. coli* is lower among these domestic inpatients than among residents of local communities. In intensive care units, antibiotic-resistant enterococci, *K. pneumoniae*, *Pseudomonas aeruginosa,* and *Candida* are also frequently isolated \[[@B9][@B10]\].

### 2) Diagnosis

Asymptomatic bacteriuria is defined as a significant level of bacteria in the urine in the absence of symptoms or signs of UTIs. A significant level of bacteria is defined as a bacterial count of 10^5^ of identical bacteria species per 1 mL of clean-catch midstream urine in two cultures \[[@B2][@B3]\]. For men, a bacterial count of 10^5^ per 1 mL of clean-catch midstream urine in only one culture may be significant. For catheter urine samples collected from men and women, a bacterial count of 10^2^ per 1 mL of urine may be significant \[[@B2][@B3]\].

### 3) Guideline by key questions

① Can the treatment of asymptomatic bacteriuria prevent the symptomatic UTIs and perinatal complications in pregnant women?

#### \<Recommendation\>

Pregnant women in early gestational stages should be screened for bacteriuria and bacteriuria in pregnant women should be treated (level of evidence: low; recommendation grade: strong).

\<Summary of evidence\>

According to a guideline published by the Infectious Diseases Society of America (IDSA) in 2005, women in early gestational stages should be screened and treated for bacteriuria \[[@B2]\]. However, recent study results raise a question as to whether bacteriuria screening is necessary for pregnant women. In a meta-analysis/systematic review of 14 randomized controlled trials (RCTs) on 2,302 pregnant women with asymptomatic bacteriuria, although the incidence of pyelonephritis, low birth weight, and premature birth were significantly reduced in antibiotic-treated groups relative to the control groups, the authors emphasized that their meta-analysis was based on low-quality studies \[[@B11]\]. Although asymptomatic bacteriuria was associated with the incidence of pyelonephritis in pregnant women in an RCT conducted in the Netherlands, the risk of asymptomatic bacteriuria was low \[[@B12]\]. This study also reported no association between asymptomatic bacteriuria and premature birth. A recent systematic review reported that asymptomatic bacteriuria screening has no benefits for pregnant women \[[@B13]\]. Based on these study results, the level of evidence for bacteriuria screening and treatment in the early gestational period was lowered. However, considering the importance of the health of both pregnant mother and infants, the recommendation grade was maintained at strong until similar study results were added.

② Can the treatment of asymptomatic bacteriuria prevent symptomatic UTIs in non-pregnant women?

#### \<Recommendation\>

The screening and treatment of asymptomatic bacteriuria are not recommended for non-pregnant women (level of evidence: high; recommendation grade: strong).

\<Summary of evidence\>

In an RCT involving 673 young women with asymptomatic bacteriuria, no difference in the incidence of bacteriuria was found between the treatment and control groups at 3 months after treatment; however, the incidence of recurrent bacteriuria was higher in the treatment group at 6 months (29.7% vs. 7.6%, *P* \<0.0001) \[[@B14]\]. In another RCT, young women who received antibiotic treatment for asymptomatic bacteriuria had higher antibiotic resistance to the bacteria that were later isolated \[[@B15]\]. Asymptomatic bacteriuria did not affect long-term prognoses (hypertension, chronic kidney disorders, cancer of the urogenital system, or reduced survival time) \[[@B2]\]. Treatment of asymptomatic bacteriuria did not decrease the frequency of symptomatic UTIs or the incidence of asymptomatic bacteriuria \[[@B2]\]. According to the guidelines from the IDSA and the European Association of Urology (EAU), there is no need to screen or treat premenopausal, non-pregnant women for asymptomatic bacteriuria \[[@B2][@B3]\]. In an RCT involving elderly women with asymptomatic bacteriuria and without mobility difficulties, the incidence of bacteriuria decreased in the antibiotic-treated groups (one-time administration of TMP/SMX or 3-day administration of cefaclor) relative to the control group at 6 months after treatment (36.4% *vs.* 65.5%, *P* = 0.004). However, the incidence of symptomatic UTIs was similar among the groups during the 6 months (7.9% *vs*. 16.4%, *P* = 0.18). Therefore, there was no difference in the incidence of symptomatic UTIs even after antibiotic treatment \[[@B16]\]. The IDSA and the EAU also do not recommend asymptomatic bacteriuria screening and treatment for elderly women residing in local communities \[[@B2][@B3]\].

③ Can the treatment of asymptomatic bacteriuria prevent symptomatic UTIs in female residents of nursing homes?

#### \<Recommendation\>

The screening and treatment of asymptomatic bacteriuria are not recommended for female residents of nursing homes (level of evidence: high; recommendation grade: strong).

\<Summary of evidence\>

A prospective controlled study in which elderly residents of nursing homes were treated with antibiotics for asymptomatic bacteriuria reported no benefits of screening and treatment of asymptomatic bacteriuria \[[@B17][@B18][@B19]\]. Antibiotic treatment did not decrease the incidence of symptomatic UTIs, prolong survival, or alleviate chronic urogenital symptoms \[[@B17][@B18][@B19]\]. Instead, the incidence of adverse events from the antibiotics increased, and subjects were later infected by antibiotic-resistant bacteria \[[@B18]\]. The IDSA and the EAU also do not recommend screening and treating women residing in nursing homes for asymptomatic bacteriuria \[[@B2][@B3]\].

④ Can the treatment of asymptomatic bacteriuria prevent symptomatic UTIs in diabetic women?

#### \<Recommendation\>

The screening and treatment of asymptomatic bacteriuria are not recommended for diabetic women (level of evidence: high; recommendation grade: strong).

\<Summary of evidence\>

In a prospective RCT in which diabetic women with asymptomatic bacteriuria were followed up every 3 months for up to 3 years, antibiotic treatment showed no benefits \[[@B20]\]. Antibiotic treatment did not delay or inhibit the development of symptomatic UTIs and did not reduce the number of hospital admissions for reasons not exclusive to UTIs. The number of days of antibiotic administration was five times higher and the incidence of adverse drug reactions caused by the antibiotic agents was significantly higher in the antibiotic-treated group than in the control group. In another RCT involving diabetic women, antibiotic treatment against asymptomatic bacteriuria reduced the duration of bacteriuria and significantly shortened the period during which subjects were carriers of certain bacterial strains; however, the bacteria formed new colonies following treatment in most subjects \[[@B21]\] The IDSA and EAU do not recommend screening and treatment of asymptomatic bacteriuria for diabetic women \[[@B2][@B3]\].

⑤ Can the treatment of asymptomatic bacteriuria prevent symptomatic UTIs in patients with spinal cord injuries?

#### \<Recommendation\>

The screening and treatment of asymptomatic bacteriuria are not recommended for patients with spinal cord injuries (level of evidence: low; recommendation grade: strong).

\<Summary of evidence\>

In a small controlled experiment and an RCT involving patients with spinal cord injuries and asymptomatic bacteriuria who were on intermittent catheterization, there was no difference in the incidence of symptomatic UTIs or recurrent bacteriuria between the antibiotic-treated group and the control group \[[@B22][@B23]\]. The IDSA and EAU do not recommend the screening and treatment of asymptomatic bacteriuria for patients with spinal cord injuries \[[@B2][@B3]\].

⑥ Can the treatment of asymptomatic bacteriuria prevent symptomatic UTIs in patients with indwelling urinary catheters?

#### \<Recommendation\>

The screening and treatment of asymptomatic bacteriuria are not recommended for patients with indwelling urinary catheters (level of evidence: low; recommendation grade: strong).

\<Summary of evidence\>

Treatment of asymptomatic bacteriuria in patients with indwelling urinary catheters in intensive care units does not decrease the incidence of symptomatic UTIs \[[@B24][@B25][@B26]\]. The IDSA and EAU do not recommend the screening and treatment of asymptomatic bacteriuria for patients with indwelling urinary catheters \[[@B2][@B3][@B27]\].

⑦ Can the treatment of asymptomatic bacteriuria prevent infectious complications in patients undergoing urological procedures such as transurethral resection of the prostate (TUR-P) in which mucosal bleeding is predicted?

#### \<Recommendation\>

Patients undergoing urological procedures in which mucosal bleeding is expected are recommended to be screened and treated for asymptomatic bacteriuria before undergoing the procedures (level of evidence: high; recommendation grade: strong).

\<Summary of evidence\>

In four RCTs involving men with bacteriuria scheduled for TUR-P, antibiotic administration effectively prevented infectious complications \[[@B28][@B29][@B30][@B31]\]. The IDSA and EAU recommend patients scheduled for TUR-P to be screened and treated for asymptomatic bacteriuria \[[@B2][@B3]\]. Other urological procedures that are highly likely to cause mucosal bleeding are also associated with the risk of infectious complications \[[@B32]\]. It is therefore recommended that patients be screened and treated for asymptomatic bacteriuria before they undergo urological procedures that are likely to cause mucosal bleeding. Antibiotic administration should begin the night before the day of the procedure or immediately before the procedure \[[@B32][@B33]\] and end immediately upon completion of the procedure \[[@B30][@B31][@B33]\].

2. Acute uncomplicated cystitis {#sec2___2}
-------------------------------

### 1) Background and epidemiology

Acute uncomplicated UTIs are common infectious diseases that are experienced by approximately 10% of women at least every year and by 60% of women at least once in their lifetime \[[@B34]\]. The diseases recur in approximately 5% of women, and approximately 44% of them recur within 1 year. For this reason, acute uncomplicated UTIs are the diseases for which antibiotic treatment is frequently prescribed \[[@B35]\]. In the United States and Europe, approximately 15% of all antibiotics used in outpatient clinics are prescribed for UTIs \[[@B36]\].

UTIs are classified as upper UTIs (pyelonephritis) and lower UTIs (cystitis) depending on the infected site. UTIs are also classified as uncomplicated in the absences of structural or neurological abnormalities of the urological system and as complicated otherwise. This section mainly discusses uncomplicated cystitis in women.

Uropathogenic *E. coli* accounts for 70--83% of all major causative bacteria of uncomplicated cystitis \[[@B37][@B38][@B39]\]. Therefore, empirical treatment of uncomplicated cystitis should target *E. coli*, and appropriate antibiotic selections should be made according to the patterns of the bacteria\'s antibiotic resistance. Results regarding antibiotic susceptibility from recent domestic studies on *E. coli* isolated from uncomplicated cystitis are shown in [Table 4](#T4){ref-type="table"}.

###### Antibiotic susceptibility of Escherichia coli isolated from Korean patients with uncomplicated cystitis
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  Antimicrobial agent       Year of study                        
  ------------------------- --------------- ------ ------ ------ ------
  Ampicillin                35.2/37.2       46.7   38.5   35.3   30.4
  Ampicillin/sulbactam      52.4/44.5       83.5   \-     \-     \-
  Amoxicillin/clavulanate   \-              \-     80.7   84.5   64.6
  Piperacillin/tazobactam   98.6/97.4       98.8   \-     96     94.8
  Ciprofloxacin             76.6/84.8       79.6   74.6   58.3   73.6
  Gatifloxacin              78.2/NA         \-     \-     \-     \-
  Cefazolin                 92.4/92.2       \-     86     83.8   72.1
  Amikacin                  99.5/99.0       99.1   99.5   100    99.5
  Gentamicin                77.6/81.7       79.8   76.6   69.1   72.3
  Tobramycin                78.2/85.9       82.9   80.9   74.8   \-
  TMP/SMX                   70.6/61.3       67     67.3   66     61.6
  Cefuroxime                \-              \-     86.1   \-     \-
  Ceftriaxone               \-              95.3   94.7   \-     \-
  Ertapenem                 \-              \-     \-     100    99.8
  Imipenem                  \-              \-     \-     100    99.5
  Cefoxitin                 \-              \-     \-     92.9   89.8
  Cefepime                  \-              95.3   \-     92.3   77.6
  Ceftazidime               \-              \-     \-     93.1   76.1
  Cefotaxime                \-              95.1   \-     87.3   75.8
  Aztreonam                 \-              97.1   \-     90.7   \-

TMP, trimethoprim; SMX, sulfamethoxazole.

Results are shown as percentages.

Although the antibiotic resistance to ciprofloxacin, which was increasingly used as an empirical antibiotic for acute cystitis, increased, that to TMP/SMX, which has been used less and less over time, decreased \[[@B40][@B41]\] ([Fig. 1](#F1){ref-type="fig"}).

![Changes in the antibiotic resistance of Escherichia coli isolated from cystitis to ciprofloxacin and trimethoprim/sulfamethoxazole (TMP/SMX)](ic-50-67-g001){#F1}

Resistance patterns also differ across regions \[[@B42]\]. In 2006, the antibiotic resistance of *E. coli* isolated from cystitis to ciprofloxacin was 24.6% in Seoul, 40.0% in Gyeongsang Province, 14.7% in Gyeonggi Province, and 32.1% in Chungcheong Jeolla Province \[[@B40]\]. A study conducted during a similar period reported antibiotic resistance of 24.6% in South Jeolla Province \[[@B43]\]. Therefore, selection of empirical antibiotics should be based on data from different time periods and regions.

### 2) Diagnosis

Acute cystitis can be diagnosed by the presence of clinical symptoms and pyuria \[[@B44]\].

#### (1) Clinical diagnosis

A patient\'s medical history is crucial in the diagnosis of uncomplicated cystitis. In the absence of vaginal secretions or pains, the positive predictive value of acute cystitis screening is 90% in the presence of newly developed polyuria, dysuria, and urinary urgency \[[@B45]\]. Acute cystitis may be accompanied by hematuria and urinary incontinence. Clinical symptoms of acute cystitis often go unreported by older adults with cognitive impairment or may present as systemic symptoms such as lower abdominal pain; therefore, acute cystitis screening should be performed with care \[[@B46]\].

#### (2) Laboratory diagnosis

Pyuria is defined as a white blood cell count of 10 or more in a high-magnification analysis of uncentrifuged urine \[[@B3][@B47]\]. The urine dipstick test or microscopy analysis may be used to assess pyuria and bacteriuria. A urine culture is performed to screen for bacteriuria, and an antibiotic susceptibility test is performed using the cultured pathogens. For women showing symptoms of pyuria, a colony count of 10^3^ colony forming units/mL in midstream urine holds diagnostic significance \[[@B48]\]. However, women showing typical symptoms can immediately be diagnosed and treated for cystitis, and laboratory diagnosis is not required in such cases.

### 3) Recommendation by key question

① Does the clinical course of acute cystitis change according to the types of antibiotics used and the duration of antibiotic treatment for patients with acute uncomplicated cystitis?

#### \<Recommendation\>

The following antibiotics can be recommended for the treatment of acute uncomplicated cystitis in outpatient clinics.ⓐ Nitrofurantoin monohydrate/macrocrystals -- Recommended dosage: 100 mg per administration, twice daily, for more than 5 days (level of evidence: high; recommendation grade: strong).ⓑ Fosfomycin trometamol -- Recommended dosage: one-time administration of 3 g. (Level of evidence: high; recommendation grade: strong).ⓒ Pivmecillinam - Recommended dosage: 400 mg per administration, three times daily, for more than three days (level of evidence: high; recommendation grade: strong).ⓓ Oral fluoroquinolones for more than three days. (Level of evidence: low; recommendation grade: strong).ⓔ β-Lactams, oral cephalosporins may be used. Administration of cefpodoxime, cefdinir, cefcapene, cefditoren, and cefixime for 5 or more days is recommended (level of evidence: low; recommendation grade: strong).

\<Summary of evidence\>

#### A. Empirical antibiotics for outpatients

When selecting empirical antibiotics, the individual patient\'s situation, antibiotic resistance within each local community, treatment costs, and treatment failure rates should be considered. The antibiotics recommended by this guideline are indicated for women diagnosed with community-acquired acute cystitis who are at low risk of getting infected by resistant bacteria. If patients do not show a treatment response, the possibility of antibiotic resistance is reevaluated, and appropriate antibiotics should be used ([Table 5](#T5){ref-type="table"}).

Based on foreign guidelines, fosfomycin is an appropriate choice for uncomplicated cystitis in Korea. With the current situation in Korea taken into account, however, the use of fluoroquinolone, oral β-lactam, and more importantly, cephalosporin is inevitable until primary antibiotics such as nitrofurantoin and pivmecillinam are introduced.

##### (a) Fluoroquinolones

Fluoroquinolones have been used as primary medications against uncomplicated cystitis in regions with high resistance to other antibiotics. Fluoroquinolones are highly preferred as empirical antibiotics in Korea where *E. coli* is highly resistant to TMP/SMX.

In a comparison between fluoroquinolones and TMP/SMX, both antibiotics improved short-term and long-term symptoms to a similar extent, and in a comparison between fluoroquinolones and β -lactams, fluoroquinolones more effectively improved short-term symptoms and produced better bacterial treatment outcomes \[[@B49]\]. There is no difference in the clinical or microbiological effects among fluoroquinolones in the treatment of acute uncomplicated cystitis, and a 3-day therapy using ciprofloxacin, levofloxacin, and ofloxacin may be used \[[@B50]\].

Fluoroquinolone antibiotics differ in their stability in terms of the frequency and patterns of adverse drug reactions. Adverse reactions in ligaments, muscles, joints, nerves, and the central nervous system have been reported following fluoroquinolone antibiotics use. Accounting for these severe side effects, the U.S. Food and Drug Administration recommended not using fluoroquinolones against acute sinusitis, acute bronchitis, and uncomplicated UTIs when other antibiotics can be used \[[@B51]\]. The Ministry of Health and Welfare of Korea has announced a revision that does not acknowledge medical care expenses arising from the oral administration of ciprofloxacin as a primary medication for uncomplicated UTIs. Considering the resistance to antibiotics used for complicated UTIs in Korea, antibiotics such as nitrofurantoin and pivmecillinam, which can be used as primary empirical antibiotics, are currently in poor supply. Until antibiotics such as nitrofurantoin and pivmecillinam are introduced and widely used in Korea, the use of fluoroquinolones as primary antibiotics in clinical settings is inevitable.

##### (b) Fosfomycin trometamol

In a meta-analysis comparing the therapeutic effects of fosfomycin against cystitis with those of other antibiotics, fosfomycin produced similar effects to fluoroquinolones, TMP/SMX, β-lactams, and nitrofurantoin and caused fewer adverse events \[[@B52]\].

In an epidemiological study on the antibiotic resistance of the causative bacteria of cystitis conducted in Europe and Brazil, *E. coli* was the most common causative bacterium (76.7%), which showed high susceptibility to fosfomycin (98.1%) \[[@B53]\]. ESBL-producing bacteria, AmpC β-lactamase-producing bacteria, and carbapenem-nonsusceptible, multidrug-resistant *E. coli* are also highly susceptible to fosfomycin \[[@B54]\]. In a domestic study, *E. coli* that showed 22% resistance rate and 29.2% resistance rate to TMP/SMX showed 0% resistance rate to fosfomycin \[[@B55]\]. Therefore, it is appropriate to use fosfomycin as a primary empirical antibiotic for acute uncomplicated cystitis in Korea.

##### (c) β-Lactam antibiotics

In a study comparing symptom improvement and therapeutic effects between groups treated with β-lactam and nitrofurantoin, and another study of groups treated with β-lactam and TMP/SMX, no significant differences were found between either of the two groups. In an intention-to-treat analysis of β-lactams, fluoroquinolones were more effective than β-lactams \[[@B49]\].

Considering the antibiotic resistance of bacteria within Korea, cephalosporins, which are β-lactam antibiotics, may be used empirically. Of these, second- and third-generation cephalosporins may be considered. These antibiotics have indication for the treatment of UTIs. In a study comparing the effects of oral cephalosporins, cefpodoxime was inferior to ciprofloxacin in terms of therapeutic effects \[[@B56]\]. However, no difference in therapeutic effects was found between cefpodoxime and TMP/SMX \[[@B57]\]. In a comparison between cefixime, ofloxacin, and ciprofloxacin, there was no difference in therapeutic effects among these antibiotics \[[@B58][@B59]\]. Regarding antibiotic resistance to oral antibiotics, antibiotic susceptibility to cefuroxime, cefpodoxime, and amoxicillin/clavulanate was 86.1%, 93.6%, and 80.7%, respectively, based on 2008--2009 data \[[@B37]\]. In 2007--2008 data, antibiotic susceptibility to cefcapene pivoxil was 88.9%, and administration of 100 mg of cefcapene pivoxil, three times daily for 5 days led to significant symptom improvement and bacterial treatment efficacy \[[@B60]\]. In 2004--2005 data, antibiotic susceptibility to cefixime was reported at 87.3% \[[@B61]\]. Although there is no susceptibility data for the causative bacteria of uncomplicated cystitis, the susceptibility of *E. coli* isolated from community-acquired UTIs to cefaclor and cefuroxime was reported to be 90% and 90%, respectively, in 2003. Antibiotic susceptibility may be estimated based on these data \[[@B62]\]. On the other hand, the antibiotic susceptibility to cefaclor in *E. coli* isolates from pediatric UTIs was very low at 6.4% in 2004--2005 \[[@B63]\]. Additional research data are needed before cefaclor can be used as an empirical antibiotic.

The antibiotic resistance of *E. coli* isolated in Korea to amoxicillin/clavulanate is reported at 20--35%, and it is not yet possible to recommend amoxicillin/clavulanate as a primary empirical antibiotic until antibiotic susceptibility to this antibiotic is assessed in urine culture tests.

##### (d) Trimethoprim/sulfamethoxazole

In Korea, TMP/SMX can be used to treat patients with cystitis only after the antibiotic susceptibility of the causative bacteria is tested. In the past, TMP/SMX had been a standard medication that was recommended as a primary antibiotic in place of fluoroquinolones, which are expensive, when the antibiotic resistance to TMP/SMX was less than 20% \[[@B64]\]. In cases where the causative bacteria show susceptibility to TMP/SMX, the antibiotic is on a par with fluoroquinolones in terms of short-term symptom improvement and therapeutic effects from the microbiological aspect \[[@B49]\]. TMP/SMX produced similar symptom improvement and therapeutic effects to those of nitrofurantoin.

When antibiotic resistance within the community is less than 20%, the use of TMP/SMX as an empirical antibiotic is recommended. However, domestic antibiotic susceptibility data show that the antibiotic resistance to TMP/SMX has consistently been over 35%, making it difficult to recommend TMP/SMX as an empirical antibiotic \[[@B65]\]. Once antibiotic susceptibility to TMX/SMX is verified through a urine culture test, it may be used as an empirical antibiotic.

#### B. Antibiotics that should be domestically introduced

##### (a) Nitrofurantoin

The antibiotic resistance of *E. coli* to nitrofurantoin is very low at 0.6% in Korea \[[@B55]\]. It is not yet possible to use the antibiotic in Korea as certain conditions are unmet and the antibiotic has not been introduced in the country. Considering the increasing demand for antibiotics for acute uncomplicated cystitis and the increasing antibiotic resistance of the causative bacteria, the introduction of nitrofurantoin is urgently needed.

##### (b) Pivmecillinam

Many guidelines recommend the use of pivmecillinam as a primary empirical antibiotic. It is currently not possible to use this antibiotic in Korea. A recent meta-analysis reported the dose and duration of use of pivmecillinam in the treatment of uncomplicated cystitis \[[@B66]\]. Currently, American guidelines recommend taking the antibiotic 400 mg at a time, twice daily, for 3--7 days. European guidelines recommend 400 mg at a time, three times daily. According to the meta-analysis, there are not enough data to determine the dose, frequency of use, and duration of use of pivmecillinam, and additional research is required. After the antibiotic is introduced in Korea, it should be used with caution.

#### C. The duration of antibiotic use for acute uncomplicated cystitis

The duration of use varies among antibiotics in the treatment of uncomplicated cystitis. Two Cochrane analyses have been performed to determine how many days of antibiotic use would produce the best treatment outcomes when an identical antibiotic is used. Although there was no difference in symptom improvement between 3 days and 5--10 days of antibiotic use in women with uncomplicated cystitis, the best therapeutic effects from the microbiological aspect were obtained at 5--10 days \[[@B67]\]. However, adverse events occurred significantly more frequently in the 5- to-10-day treatment group. Therefore, antibiotic treatment lasting 5--10 days may be considered only in cases where bacterial eradication is required. When the effects of antibiotics after one treatment session, short-term treatment lasting 3--6 days, and long-term treatment lasting 7--14 days were compared in older adults (aged over 60 years) with uncomplicated cystitis, there were no differences in therapeutic effects between the short-term and long-term treatments \[[@B68]\]. There was also no difference in the clinical and bacterial therapeutic effects of cefditoren pivoxil for uncomplicated cystitis between a 3-day and a 7-day treatment \[[@B69]\].

When the recurrence rate was compared between treatment lasting no more than 5 days and treatment lasting over 5 days regardless of the type of antibiotic used, the longer-term treatment did not reduce the recurrence rate \[[@B70]\].

Based on these results, short-term treatment lasting 3--5 days may be used to treat uncomplicated cystitis, and a longer treatment period may be considered in some cases. Three or more days of antibiotic treatment may be more effective in cases where bacterial treatment is required \[[@B71]\]. Patients who are suspected of having upper UTIs or complicated UTIs should be reassessed to determine the duration of antibiotic use.

② Is a urine culture test necessary for patients with acute uncomplicated cystitis?

##### \<Recommendation\>

ⓐ A urine culture test should be performed for the following patients: patients suspected of having pyelonephritis, patients who exhibit atypical symptoms, pregnant patients, male patients suspected of having UTIs, and patients whose symptoms did not improve within 2--4 weeks after treatment completion or whose symptoms recurred (level of evidence: low; recommendation grade: strong).ⓑ In Korea, it is appropriate to perform a urine culture test owing to the increased antibiotic resistance of the causative bacteria of UTIs (level of evidence: very low; recommendation grade: strong).

\<Summary of evidence\>

A urine culture test is recommended to assess the possibility of an infection by causative bacteria or to assess antibiotic susceptibility in the following situations: 1) a patient suspected of having pyelonephritis, 2) a patient exhibiting atypical symptoms, 3) a pregnant patient, 4) a male patient suspected of having UTIs, and 4) a patient whose symptoms did not improve within 2--4 weeks after treatment completion or recurred.

Existing guidelines recommend immediately starting empirical treatment on patients with uncomplicated cystitis with typical symptoms without performing a urine culture test. This recommendation has low to very low levels of evidence based on a review of the related literature. According to studies on which this recommendation is based, a urinary culture test is associated with a contamination rate of 30% \[[@B72]\], and disinfection before urination does not affect the contamination rate \[[@B73]\]. In a cost-utility analysis performed in the United States in 1997, administration of empirical antibiotics for 7 days was more cost-effective than when a treatment decision was made after performing other tests \[[@B74]\]. It was thus suggested that a urine culture test may not be necessary based on its cost-effectiveness, which considers the antibiotic, medical, and examination costs related to treatment strategies \[[@B75]\].

However, it is difficult to apply the same cost-effectiveness concept in Korea where the standard treatment of acute uncomplicated cystitis has been changed to 3 days of empirical antibiotic treatment, and the fees for outpatient examinations, the dipstick test, and urine culture test are relatively inexpensive compared with those in the United States and Europe. According to recent data, approximately 24.6% of *E. coli* inducing community-acquired UTIs produce ESBL \[[@B42]\]. Therefore, systematic analysis is needed to investigate whether maintaining empirical antibiotic treatment without assessing antibiotic resistance of causative bacteria through a urine culture test would be appropriate in terms of treatment outcomes and prognoses.

An existing guideline recommends selecting and using empirical antibiotics when the antibiotic resistance of the causative bacteria of acute uncomplicated cystitis in the community is less than 20% \[[@B64]\]. With the increasing trend of antibiotic resistance in the country, performing empirical treatment alone without a urine culture test can lead to high treatment failure rates. Additional data on resistance trends based on culture test results are needed to make appropriate choices regarding empirical antibiotics. Therefore, it is necessary to perform a urine culture test even in the case of acute uncomplicated cystitis in Korea.

3. Acute uncomplicated pyelonephritis {#sec3___1}
-------------------------------------

### 1) Background and epidemiology

UTIs are among the most common bacterial infections. Approximately 40--50% of women are reported to experience UTIs at least once in their lifetime \[[@B76][@B77]\]. Uncomplicated UTIs are defined as symptoms of acute cystitis or pyelonephritis that occur in healthy premenopausal women without any structural or functional anomalies of the urinary tract \[[@B78]\].

Acute pyelonephritis or upper UTIs are kidney infections that manifest as pain during urination, fever, chills, flank pain, nausea, and vomiting. Their incidence has been reported at 35.7 cases per 10,000 persons in Korea \[[@B79]\], and 27.6 cases per 10,000 persons in the United States \[[@B80]\]. Although the worldwide prevalence and incidence of acute pyelonephritis is unknown, its incidence is reported to be the highest in the summer \[[@B81]\]. The number of hospital admissions owing to acute pyelonephritis is five times higher among women than among men \[[@B82]\]. Acute pyelonephritis mostly occurs when bacteria invade the kidney through the ureter or spread to the body through the bloodstream \[[@B78]\]. The most frequently isolated causative bacterium of acute pyelonephritis is *E. coli* (56--85%). Other causative bacteria include *Enterococcus faecalis*, *K. pneumoniae,* and *Proteus mirabilis* \[[@B80][@B83][@B84]\]. *E. coli* is the most common causative bacterium in Korea. Other bacteria such as *K. pneumonia, P. mirabilis, Enterococcus spp.*, and *Staphylococcus saprophyticus* have also been isolated in Korea \[[@B40][@B85][@B86][@B87][@B88][@B89]\]. As shown in [Table 6](#T6){ref-type="table"}, the antibiotic susceptibility of *E. coli* isolated from patients with acute pyelonephritis to ciprofloxacin and TMP/SMX has gradually decreased. According to recent reports, the antibiotic susceptibility is 78.7% and 72.2%, respectively, for ciprofloxacin and TMP/SMX. This is lower than the antibiotic susceptibility reported in the United States of 82.9% and 75.8%, respectively \[[@B90][@B91]\].

###### Empirical antibiotics that may be used for domestic cases of acute uncomplicated cystitis

![](ic-50-67-i005)

  Empirical antibiotics                  Dosage                           Minimum duration, days      
  -------------------------------------- -------------------------------- --------------------------- ---
  Fosfomycin                             One-time administration of 3 g   1                           
  Ciprofloxacin                          500 mg, twice daily              3                           
  250 mg, twice daily                                                                                 
  β-Lactams                                                                                           
                                         Cefpodoxime proxetil             100 mg, twice daily         5
                                         Cefdinir                         100 mg, three times daily   5
                                         Cefcapene pivoxil                100 mg, three times daily   5
                                         Cefditoren pivoxil               100 mg, three times daily   3
                                         Cefixime                         400 mg, once daily          3
  200 mg, twice daily                                                                                 
  After introduction in Korea                                                                         
                                         Nitrofurantoin                   100 mg, twice daily         5
                                         Pivmecillinam                    400 mg, three times daily   3
  After antibiotic susceptibility test                                                                
                                         Amoxicillin/clavulanate          500/125 mg, twice daily     7
                                         TMP/SMX                          160/800 mg, twice daily     3

Abbreviations: TMP, trimethoprim; SMX, sulfamethoxazole.

###### Antibiotic susceptibility of Escherichia coli isolated from Korean patients with acute pyelonephritis

![](ic-50-67-i006)

                                  Antibiotic susceptibility (%)                                                
  ------------------------------- ------------------------------- ------ ------ ------ --------- ------ ------ ------
  Wie et al., 2002 \[[@B87]\]     99.2                            NA     63.3   81.8   92.5      41.7   99.2   99.2
  Hwang et al., 2003 \[[@B86]\]   NA                              31     42.6   83.6   88.5      NA     NA     100
  Wie et al., 2007 \[[@B85]\]     98.7                            38.3   62.1   81.3   86.3      NA     97.3   97.3
  Kim et al., 2008 \[[@B40]\]     99.5                            35.2   70.6   77.6   76.6      92.4   NA     NA
  Wie et al., 2014 \[[@B91]\]     97.5                            39.4   72.2   77.4   78.7^a^   77.1   92.9   90.7

AMK, amikacin; AMP, ampicillin; SXT, trimethoprim/sulfamethoxazole; GEN, gentamicin; CIP, ciprofloxacin; CFZ, cefazolin; CFU, cefuroxime; CTX, cefotaxime.

^a^Ciprofloxacin or levofloxacin.

### 2) Diagnosis

Acute pyelonephritis is characterized by the symptoms of upper UTIs and pyuria (a white blood cell count of 10 or more in a high-magnification analysis). Gram staining and a culture test should be performed if a patient is suspected to have acute pyelonephritis \[[@B78][@B88]\]. Although a blood culture test is not necessary, it is helpful \[[@B44][@B88]\]. A positive urine culture is defined as a bacterial count in properly collected clean midstream urine is greater than 10^5^ colony forming units (CFU)/mL. However, this standard results in high specificity and low sensitivity. As a result, in 30--50% of cystitis cases caused by *E. coli*, *S. saprophyticus*, and *Proteus* spp., 10^2^--10^4^ CFU/mL are cultured, and therefore, the standard should be applied in clinical settings with caution \[[@B92]\]. In many laboratories, bacteria with less than 10^4^ CFU/mL in a urine culture test are not quantified. Therefore, study reports of "no growth" in women exhibiting symptoms of UTIs should be interpreted carefully \[[@B78]\]. Approximately 80% of patients with acute pyelonephritis accompanied by bacteremia show over 10^5^ CFU/mL, and 10--15% show 10^4^--10^5^ CFU/mL in their urine. Using bacterial growth of 10^4^ CFU/mL in midstream urine as the diagnostic criteria for bacteriuria based on this observation, 90--95% sensitivity is obtained \[[@B92]\].

In general, acute pyelonephritis is diagnosed based on clinical symptoms and urine test results, and does not require medical imaging unless it is a complicated UTI. However, if a patient does not show any response to antibiotic administration even after 72 hours, medical imaging tests should be performed. Of the available medical imaging techniques, abdominal computed tomography (CT) is reported to be useful \[[@B93]\].

### 3) Guideline by key question

① What is an effective antibiotic treatment for acute uncomplicated pyelonephritis in adults?

#### \<Recommendation\>

ⓐ All patients with acute pyelonephritis should undergo a urinary culture test before empirical antibiotic administration (level of evidence: very low; recommendation grade: strong).ⓑ The initial empirical antibiotics administered in the early period of treatment should be adjusted according to the antibiotic susceptibility test results of the causative bacteria (level of evidence: very low; recommendation grade: strong).ⓒ For early empirical antibiotic administration for patients with acute pyelonephritis who do not require hospitalization, 1--2 g of intravenous ceftriaxone or 1 dose of amikacin should be administered, followed by oral fluoroquinolone until results are obtained from the culture test (level of evidence: very low; recommendation grade: strong).ⓓ For early empirical antibiotic administration for patients with acute pyelonephritis who do not require hospitalization, 400 mg of intravenous ciprofloxacin may be administered, followed by oral ciprofloxacin (500 mg, twice daily) until results are obtained from the culture test (level of evidence: low; recommendation grade: weak).ⓔ If the causative bacteria show susceptibility to antibiotics in the culture test, oral antimicrobial agents such as fluoroquinolone, TMP/SMX, and β-lactams may be used (level of evidence: high; recommendation grade: strong).ⓕ If the causative bacteria show susceptibility in patients with acute pyelonephritis, oral antibiotics are administered for 7--14 days: ciprofloxacin (500 mg, twice daily for 7 days or sustained-release ciprofloxacin, 1000 mg, once daily for 7--14 days) (level of evidence: high; recommendation grade: strong), levofloxacin (500 mg, once daily for 7 days, or 750 mg, once daily for 5 days) (level of evidence: high; recommendation grade: strong), TMP/SMX (160/800 mg, twice daily for 14 days) (level of evidence: high; recommendation grade: strong), and oral β-lactams (10--14 days) (level of evidence: very low; recommendation grade: strong).ⓖ For patients with acute pyelonephritis who require hospitalization, fluoroquinolone (level of evidence: low; recommendation grade: weak), aminoglycoside ± ampicillin (level of evidence: low; recommendation grade: weak), second-generation cephalosporin (level of evidence: low; recommendation grade: weak), broad-spectrum cephalosporin (level of evidence: high; recommendation grade: strong), β-lactam/β-lactamase inhibitor ± aminoglycoside (level of evidence: low; recommendation grade: weak), aminoglycoside ± β-lactam (level of evidence: low; recommendation grade: weak), and carbapenem (level of evidence: low; recommendation grade: weak) may be administered. Once the fever is alleviated, the antibiotic may be changed to an oral antibiotic agent chosen based on antibiotic susceptibility and resistance of the causative bacteria to the new antibiotic (level of evidence: low; recommendation grade: strong).ⓗ For patients with acute pyelonephritis who should be admitted to an intensive care unit due to severe sepsis or septic shock, piperacillin/tazobactam or carbapenem are administered after considering the antibiotic resistance of the causative bacteria in the country (level of evidence: low; recommendation grade: strong).

\<Summary of evidence\>

#### A. All patients with acute pyelonephritis should be subjected to a urinary culture test before empirical antibiotic administration.

A urinary culture test is performed to confirm the diagnosis of bacteremia and to obtain antibiotic susceptibility results. It should be performed for all patients suspected of having acute pyelonephritis \[[@B78][@B88][@B94]\]. Although patients with acute uncomplicated cystitis show a satisfactory response to treatment, and the infection rarely progresses to pyelonephritis, acute uncomplicated pyelonephritis can progress to severe disease and requires appropriate antibiotic treatment chosen based on the antibiotic susceptibility of the causative bacteria \[[@B94]\].

#### B. Early empirical antibiotic treatment should be carefully adjusted according to the antibiotic susceptibility test results of the causative bacteria.

If not treated properly, acute uncomplicated pyelonephritis can progress to severe diseases such as abscess formation, septic shock, and kidney damage including acute renal failure \[[@B78][@B95]\]. Therefore, it is necessary to treat the infection using antibiotics appropriately selected based on the antibiotic susceptibility of the causative bacteria and to prevent disease progression. Early empirical treatment should be appropriately regulated according to the bacterial sensitivity of the causative bacteria \[[@B94]\].

#### C. For early empirical antibiotic administration for patients with acute pyelonephritis who do not require hospitalization, 1--2 g of intravenous ceftriaxone or one day\'s dose of amikacin should be administered, followed by oral fluoroquinolone until results are obtained from the culture test.

The prevalence of antibiotic resistance to certain antibiotics that may require a treatment strategy to avoid early use of common empirical antibiotics owing to predicted resistance of the causative bacteria to the antibiotics, and instead to use more broad-spectrum antibiotics that are later replaced by selective antibiotics, in the empirical antibiotic treatment of acute pyelonephritis is relatively low compared with that in the treatment of uncomplicated cystitis. The threshold of the prevalence of antibiotic resistance to fluoroquinolones, which are currently the most effective recommended antibiotics, is 10%. If the prevalence of antibiotic resistance exceeds the threshold, early use of other empirical antibiotics is recommended. However, evidence to support the recommendation is limited, and the recommendation is made based on expert opinions \[[@B94]\]. The current status regarding antibiotic resistance in hospitals reflects the culture results obtained from inpatients, or patients with complicated UTIs or repeated infections, and may overestimate the antibiotic resistance of patients with uncomplicated UTIs \[[@B78]\]. In the antibiotic susceptibility results of *E. coli* isolated from Korean patients with acute pyelonephritis ([Table 6](#T6){ref-type="table"}), the subjects included patients with complicated UTIs, and this could have resulted in overestimation of the antibiotic resistance to fluoroquinolone in patients with uncomplicated pyelonephritis; nonetheless, the results indicate the increasing trend in antibiotic resistance to fluoroquinolone. When the patterns of antibiotic resistance of causative bacteria within a country or across regions are not well understood, appropriate empirical treatment may be continuous intravenous antibiotics and broad-spectrum antibiotics administered in the early period of treatment and later replaced by selective antibiotics based on antibiotic susceptibility results \[[@B94]\].

Treatments for acute uncomplicated pyelonephritis are mostly outpatient-based treatments \[[@B96][@B97]\]. In a recent study, only 7% of female patients with acute pyelonephritis required inpatient care \[[@B96]\]. The IDSA UTI guideline (2011) recommends fluoroquinolones only as oral antibiotics for outpatient-based empirical antibiotic treatment of acute uncomplicated pyelonephritis \[[@B94]\]. In regions where the prevalence of antibiotic resistance to fluoroquinolones exceeds 10%, administration of one day\'s dose of ceftriaxone or aminoglycoside is recommended as a method of empirical treatment \[[@B94]\].

Considering the antibiotic resistance of *E. coli*, which is the major causative bacteria of UTIs in Korea, to fluoroquinolones, 1 g of ceftriaxone or one day\'s dose of amikacin may be administered for empirical treatment, and oral fluoroquinolones may be administered (ciprofloxacin, 500 mg, twice daily, or sustained-release ciprofloxacin, 1000 mg, once daily, or 750 mg levofloxacin, once daily) until culture results are obtained (level of evidence: very low; recommendation grade: strong). Once the culture results are obtained, the initial empirical antibiotics should be adjusted according to the culture results ([Table 7](#T7){ref-type="table"}).

#### D. For early empirical antibiotic administration for patients with acute pyelonephritis who do not require hospitalization, 400 mg of intravenous ciprofloxacin may be administered, followed by oral ciprofloxacin (500 mg, twice daily) until results are obtained from the culture test.

There have been no RCTs on the use of fluoroquinolones and other alternative antibiotics in the early empirical antibiotic treatment of acute uncomplicated pyelonephritis when the prevalence of antibiotic resistance of the causative bacteria exceeds 10%. However, a single-institution prospective observation study has been conducted in Korea where the antibiotic resistance of *E. coli*, which induces UTIs in communities, to ciprofloxacin was approximately 20%. In the study, 400 mg of intravenous ciprofloxacin was administered early, followed by 500 mg of oral ciprofloxacin, twice daily, for 7--14 days, with doses subsequently readjusted based on culture results. Although there was no difference in the clinical cure rate between the ciprofloxacin-susceptible group (n = 216) and the ciprofloxacin-resistant group (n = 39) during the early follow-up (87.0% *vs.* 76.9%, *P* = 0.135) and later follow-up (98.6% *vs*. 94.0%, *P* = 0.177), the microbiological cure rate was significantly higher in the ciprofloxacin-susceptible group during the early follow-up (92.4% *vs.* 41.7%, *P* \<0.001) \[[@B98]\]. Although the microbiological cure rate was lower in the ciprofloxacin resistance group during the early follow-up period, there was no difference in the clinical cure rate. This can be explained by the relatively low severity of acute uncomplicated pyelonephritis compared with infections affecting other sites and by the fact that antibiotics are appropriately administered even if the administration is delayed until culture results are obtained and that ciprofloxacin is maintained at high concentrations in urine. For appropriate administration of selective antibiotics according to susceptibility results of patients with acute uncomplicated pyelonephritis caused by ciprofloxacin-resistant bacteria, early empirical administration of intravenous ciprofloxacin followed by that of oral ciprofloxacin may be considered.

#### E. If the causative bacteria show susceptibility to antibiotics in the culture test, fluoroquinolone, TMP/SMX, and β-lactams may be used as oral antimicrobial agents.

Not many studies have compared the therapeutic effects of oral antibiotics against acute uncomplicated pyelonephritis. In an RCT involving 255 patients with acute uncomplicated pyelonephritis, the group receiving ciprofloxacin (500 mg, twice daily for 7 days) had a higher clinical cure rate (96% *vs.* 83%, *P* = 0.002) and microbiological cure rate (99% *vs.* 89%, *P* = 0.004) than the group receiving TMP/SMX (160/800 mg, twice daily for 14 days) \[[@B99]\]. Such results may be attributed to the fact that the causative bacteria had higher resistance to TMP/SMX. Therefore, when the causative bacteria show antibiotic susceptibility to TMP/SMX, TMP/SMX (160/800 mg, twice daily for 14 days) may be used as an oral antibiotic \[[@B100]\]. Fluoroquinolones, which can be administered once daily, are also effective (1000 mg of sustained-release ciprofloxacin or 750 mg of levofloxacin). There was no difference in the clinical cure rate between a group that was administered 750 mg of levofloxacin once daily for 5 days and a group that was administered 500 mg of ciprofloxacin twice daily for 10 days, with both groups consisting of patients with mild to moderate pyelonephritis (86.2% *vs.* 80.6%) \[[@B101]\]. In addition, administration of 1000 mg of sustained-release ciprofloxacin once daily was as effective as administration of 500 mg of ciprofloxacin twice daily \[[@B102]\]. Third-generation oral cephalosporins (ceftibuten and cefpodoxime proxetil) can also replace fluoroquinolones. Although they have resulted in a similar clinical cure rate compared with fluoroquinolones, the incidence of recurrent pyelonephritis was higher when third-generation cephalosporins were used \[[@B103][@B104]\].

#### F. If the causative bacteria show susceptibility to antibiotics in patients with acute pyelonephritis, oral antibiotics are administered for 7--14 days. Ciprofloxacin (500 mg, twice daily for 7 days or sustained-release ciprofloxacin, 1000 mg, once daily for 7--14 days), levofloxacin (500 mg, once daily for 7 days, or 750 mg, once daily for 5 days), TMP/SMX (160/800 mg, twice daily for 14 days), and oral β-lactams (10--14 days) are administered.

There is not much evidence regarding the duration of treatment for acute uncomplicated pyelonephritis using oral antibiotics. The treatment duration should be adjusted according to the disease severity and the immediacy of treatment response. In a recent RCT comparing a group receiving 500 mg of ciprofloxacin twice daily for 7 days and a group receiving the same drug at the same dose for 14 days, the short-term clinical cure rate was 97% and 96%, respectively, indicating that administration for 7 days was not inferior to administration for 14 days \[[@B105]\]. When bacterial susceptibility to ciprofloxacin is observed in a culture test, a 7-day treatment using ciprofloxacin may be effective. In another study, 7 days of treatment resulted in a lower short-term clinical cure rate than 14 days of treatment (86% vs. 98%) for male patients with acute pyelonephritis, whereas there was no difference between the two treatments for women \[[@B106]\]. When 1000 mg of sustained-released ciprofloxacin once daily was compared with 500 mg of ciprofloxacin twice daily for 7--14 days, there was no difference in the clinical and microbiological cure rates; therefore, administration of 1000 mg of sustained-release ciprofloxacin once daily for 7--14 days is also effective \[[@B102]\]. Antibiotic treatment in which 750 mg of levofloxacin is administered once daily for 5 days has also resulted in an excellent clinical cure rate \[[@B101]\].

TMP/SMX effectively treats acute pyelonephritis that shows antibiotic susceptibility in a culture test. Studies investigating the therapeutic effects of TMP/SMX against pyelonephritis have been based on 14 days of treatment \[[@B99]\]. Current research data on oral cephalosporins are limited, but they suggest that oral cephalosporins are inferior to fluoroquinolones in terms of therapeutic effects. The duration of treatment of pyelonephritis using oral cephalosporins is 10--14 days \[[@B94]\].

#### G. For patients with acute pyelonephritis who require hospitalization, fluoroquinolone, aminoglycoside ± ampicillin, second-generation cephalosporin, broad-spectrum cephalosporin, β-lactam/β-lactamase inhibitor ± aminoglycoside, aminoglycoside ± β-lactam, or carbapenem may be administered. Once the fever is alleviated, the antibiotic should be changed to an oral antibiotic chosen based on the antibiotic susceptibility and resistance of the causative bacteria to the new antibiotic.

It is unclear how the severity of uncomplicated pyelonephritis should be classified. However, patients can be divided into those who can take oral antibiotics and those who require intravenous antibiotics as well as into those who require outpatient treatment and those who require inpatient treatment ([Table 8](#T8){ref-type="table"}).

Patients who consistently vomit, who experience dehydration, who are suspected of disease progression or sepsis, or who do not show any recovery during the early outpatient treatment require hospitalization \[[@B64]\]. There are not many studies on early empirical treatment using fluoroquinolones for inpatients when the antibiotic resistance of the causative bacteria of UTIs to fluoroquinolones exceeds 10%. Considering the results of a domestic study involving outpatients \[[@B98]\], fluoroquinolones may be used, but they should be replaced later with appropriate antibiotics based on antibiotic susceptibility test results. In a domestic retrospective study, early empirical administration of cefuroxime resulted in a significantly high early clinical cure rate in the cefuroxime-susceptible group compared with the cefuroxime-resistant group (90.8% vs. 68.2%, p = 0.001) \[[@B107]\]. However, there was no significant difference in the clinical cure rate (97.8% vs. 88.2%, p = 0.078) or the microbiological cure rate (93.4% vs. 90.8%) in a later follow-up \[[@B107]\]. In a retrospective study comparing cefuroxime and cefotaxime, the clinical effects of cefuroxime were on a par with those of cefotaxime \[[@B108]\]. Amikacin can be empirically used to treat pyelonephritis and complicated UTIs caused by antimicrobial-resistant gram-negative bacteria \[[@B109]\]. In a retrospective study, amikacin produced excellent therapeutic effects against UTIs caused by ESBL-producing bacteria \[[@B110]\].

As the antibiotic resistance of the causative bacteria of community-acquired UTIs increases, broad-spectrum antibiotics such as third-generation cephalosporins, piperacillin-tazobactam, or carbapenems may be used until susceptibility results are obtained. When treating patients with acute pyelonephritis accompanied by severe sepsis and septic shock requiring inpatient treatment in an intensive care unit, early empirical administration of carbapenems may be considered until susceptibility results are obtained in areas where the prevalence of ESBL-producing bacteria as the causative bacteria of UTIs is high \[[@B111]\].

② What are possible non-carbapenem-based antibiotic treatments for acute uncomplicated pyelonephritis caused by ESBL-producing bacteria?

##### \<Recommendation\>

ⓐ Fosfomycin, TMP/SMX, cefepime, ceftazidime-avibactam, ceftolozane-tazobactam, amoxicillin-clavulanate, piperacillin-tazobactam, and amikacin may be used in place of carbapenems against susceptible ESBL-producing bacteria (level of evidence: low; recommendation grade: weak).

\<Summary of evidence\>

There is not much evidence for non-carbapenem-based antibiotic treatment of acute uncomplicated pyelonephritis caused by ESBL-producing bacteria. According to a retrospective study, the therapeutic effects of oral fosfomycin (3 g per 48 or 72 hours) against UTIs caused by ESBL-producing bacteria were not inferior to those of ertapenem (1 g, once daily, intravenous injection) \[[@B112]\].

Although TMP/SMX is not recommended for empirical treatment of UTIs caused by ESBL-producing bacteria, it may be used in selective antibiotic treatments if ESBL-producing bacteria show susceptibility to the antibiotic \[[@B94][@B109]\].

AmpC β-lactamase-producing *E. coli* have shown susceptibility to cefepime, and therefore, the antibiotic may be a treatment option for UTIs including pyelonephritis caused by susceptible bacteria \[[@B113]\]. However, it should not be used against ESBL-producing bacteria, especially for patients with severe UTIs \[[@B109]\]. The U.S. Food and Drug Administration approved the use of the ceftazidime-avibactam therapy when there are limited or no treatment options for complicated UTIs including pyelonephritis \[[@B109]\].

The therapy may be performed empirically or selectively to treat acute uncomplicated pyelonephritis caused by ESBL-producing bacteria \[[@B114]\]. In a double-blind RCT comparing the effects of ceftolozane-tazobactam (1.5g every 8 hours for 7 days) with those of high-dose levofloxacin (750 mg, once daily for 7 days), ceftolozane-tazobactam was more effective than high-dose levofloxacin, and showed a higher cure rate associated with ESBL-producing bacteria in a post hoc analysis (58.3% vs 34.9%) \[[@B115]\]. Therefore, ceftolozane-tazobactam may be used in empirical and selective treatments for acute uncomplicated pyelonephritis caused by ESBL-producing bacteria.

There is a controversy regarding the use of β-lactam/β-lactamase inhibitors for treating infectious diseases caused by ESBL-producing bacteria. However, in a recent post hoc analysis, amoxicillin-clavulanate and piperacillin-tazobactam were not inferior to carbapenem in terms of their therapeutic effects against bacteremia caused by ESBL-producing *E. coli*, and these antibiotics were suggested to use in alternative treatment in place of carbapenems \[[@B116]\].

A domestic retrospective study also suggested piperacillin-tazobactam as an alternative for carbapenems in treating bacteremia caused by ESBL-producing *E. coli* and *K. pneumoniae* \[[@B117]\]. Therefore, amoxicillin-clavulanate may be used in alternative treatment for lower UTIs caused by susceptible ESBL-producing bacteria. Piperacillin-tazobactam may be used in alternative treatment for complicated UTIs including pyelonephritis caused by ESBL-producing bacteria.

Amikacin can be used to treat complicated UTIs including pyelonephritis caused by ESBL-producing bacteria. According to a retrospective study, the clinical and microbiological success rates of amikacin in treating lower UTIs caused by ESBL-producing bacteria (*E. coli*, in particular) were 97.2% and 94.1%, respectively \[[@B110]\]. In a domestic retrospective study, amikacin showed excellent therapeutic effects against UTIs unaccompanied by bacteremia \[[@B118]\]. In the treatment of uncomplicated pyelonephritis caused by ESBL-producing bacteria, the antibiotics mentioned above as replacements for carbapenem may be used under limited circumstances when the targeting bacteria show susceptibility to these antibiotics.

4. Complicated pyelonephritis related to urinary tract obstruction {#sec4___1}
------------------------------------------------------------------

### 1) Background and epidemiology

Urinary tract obstruction is important in the pathophysiology of infectious pyelonephritis. When normal urine excretion is obstructed, bacteria are introduced into the urinary tract. In the presence of foreign substances such as urinary stones, a biofilm forms on the surface of the urinary tract and bacteriuria continues. In addition, the extent of kidney damage is proportional to the period of urinary tract obstruction, and the recovery function of the kidney gradually deteriorates. The urine-concentrating ability can be completely recovered if the urinary tract obstruction lasts no more than a week or so. However, if the condition continues for 4 weeks, the ability may be permanently lost \[[@B119]\]. For UTIs resulting from urinary tract obstruction, prompt management of the urinary tract obstruction is needed in addition to antibiotic treatment for the infection itself, and an individualized approach should be made according to the causative disease \[[@B120]\].

The major diseases that induce urinary tract obstruction vary with age. The most common causes include prostatic hypertrophy, neurogenic bladder, and urinary stones. Urinary stones are the most common cause among young adults, and prostatic hypertrophy, prostate cancer, and abdominal mass are the most common among older adults \[[@B121]\]. For women, diseases that invade the organs in the pelvic cavity can cause urinary tract obstruction. Urinary tract obstruction can be classified as acute or chronic, partial or complete, unilateral or bilateral, and upper or lower urinary tract obstruction.

Owing to the diversity of the causes of UTIs related to urinary tract obstruction, there are no integrative data on the causative diseases published in or outside Korea. There has also been almost no research regarding the causative bacteria of the diseases that induce urinary tract obstruction. In domestic cases of hydronephrosis, *E. coli*, *Pseudomonas*, *Enterobacter*, *Proteus*, *Enterococcus*, and *Citrobacter* spp. were common causative bacteria of UTIs \[[@B112]\]. *E. coli* was the most causative bacteria for UTIs in patients with a neurogenic bladder, and others included *E. faecalis*, *P. aeruginosa*, *P. mirabilis*, *K. pneumoniae*, and *Streptococcus agalactiae* \[[@B123]\]. In patients with a neurogenic bladder or other neurologic anomalies, *Enterococcus* and *Pseudomonas* spp. are especially important causative bacteria compared with other UTIs. A UTI by urease-positive bacteria should occur in advance for infectious urinary stones (or struvite stones) or staghorn calculi to occur \[[@B124][@B125]\]. *Proteus*, *Morganella*, and *Providencia* spp. produce urease. *Klebsiella*, *Pseudomonas*, *Serratia*, and *Staphylococcus* spp. also produce urease using various mechanisms. Among patients with staghorn calculi, 82% are infected by urease-producing bacteria, and the most common causative bacteria in these patients are *Proteus*, *Klebsiella*, *Pseudomonas*, and *Staphylococcus* spp. \[[@B125]\].

### 2) Diagnosis

Following the treatment of infection, the causes of urinary tract obstruction should be identified and the condition treated using specialized, individualized diagnostic methods. During this process, consultations with urologists and radiologists are necessary \[[@B121]\]. Methods of early diagnosis of upper urinary tract obstruction include abdominal radiography (Kidney, Ureter, and Bladder X-ray study ± Intravenous pyelogram), ultrasonography, and CT. CT is the most useful for diagnosing emphysematous pyelonephritis and checking the scope of a lesion \[[@B126]\]. Lower urinary tract obstruction commonly presents as urinary retention. When urinary retention is suspected, the volume of the residual urine following urination is measured. Volumes exceeding 100 mL are suggestive of significant lower urinary tract obstruction. In the early period after urinary tract obstruction, a voiding diary, cytology, ultrasound examination, and CT are necessary. For male patients, a blood prostate-specific antigen (PSA) test and a transrectal ultrasound-guided prostate biopsy are additionally needed. If a patient has overflow incontinence, Parkinson\'s disease, diabetic neuropathy, cerebral infarction, spine injury, a neurological disorder, or recurrent UTIs, an obstructive UTI or neurogenic bladder should be considered as a possible cause of the urinary tract obstruction. When any anomalies are observed in the early neurological examinations and anal reflex tone and perianal sensation tests, a urodynamic study should be conducted or magnetic resonance imaging of the brain or spine should be performed when necessary.

Severe UTIs such as emphysematous pyelonephritis is more common among diabetic patients \[[@B127]\]. Emphysematous cystitis may be accompanied by hematuria or pneumaturia that can be grossly examined. Emphysematous pyelonephritis exhibits symptoms of severe sepsis and may be accompanied by a mass in the flank or crepitus upon touch. Emphysematous cystitis can be diagnosed when air shadows are observed on the bladder wall in a radiological examination. Emphysematous pyelonephritis can be diagnosed upon observation of air shadows around the kidney pelvis of the kidney parenchyma or around the kidney. Patients suspected of having emphysematous pyelonephritis require a CT examination for diagnosing the disease and understanding the extent of invasion. In a systematic literature review of 10 retrospective studies, abdominal radiographs showed 65--69% accuracy in diagnosing emphysematous pyelonephritis, whereas a significant inter-examiner variability was found for the accuracy of ultrasonography \[[@B128]\]. Although it was difficult to differentiate emphysema from stones or intestinal gas under ultrasound guidance, CT showed 100% accuracy in differentiating them \[[@B128]\].

### 3) Guideline by key question

① What are appropriate empirical antibiotics for initial administration in adult patients with complicated pyelonephritis related to urinary tract obstruction?

#### \<Recommendation\>

ⓐ Empirical antibiotics for patients with pyelonephritis related to urinary tract obstruction should be selected in accordance with the treatment protocol for uncomplicated pyelonephritis. However, if clinical symptoms are severe, antibiotic selection should be based on the treatment protocol for severe UTIs accompanied by sepsis (level of evidence: low; recommendation grade: strong).ⓑ Fluoroquinolone, β-lactam/β-lactamase inhibitor, broad-spectrum cephalosporin, aminoglycoside, and carbapenem may be used as early empirical antibiotics (level of evidence: low; recommendation grade: strong).ⓒ For pyelonephritis accompanied by sepsis or for recurrent pyelonephritis, piperacillin/tazobactam, broad-spectrum third-generation or fourth-generation cephalosporins, and carbapenem may be used. If the risk of infection by antibiotic-resistant bacteria is high, a combination therapy using broad-spectrum β-lactam and amikacin may be considered (level of evidence: low; recommendation grade: weak).

\<Summary of evidence\>

Patients with pyelonephritis related to urinary tract obstruction show different prognoses depending on whether the urinary tract obstruction is removed during antibiotic treatment, the severity of accompanying diseases, and the extent of damage to the urinary tract. However, the characteristics of patient groups have been too varied and the clinical standard for diagnosing pyelonephritis have been unclear in studies that have been conducted on UTIs related to urinary tract obstruction. These studies also did not consider urological prognoses. For this reason, it is difficult to propose treatment guidelines based on their results. No comparative clinical research has been conducted to determine which empirical antibiotics should be used for patients with pyelonephritis related to urinary tract obstruction. However, there is not enough evidence to make other antibiotic recommendations for such patients. The types of causative bacteria and their antibiotic susceptibility vary depending on the disease severity, region, causative diseases of urinary tract obstruction, and patient history of healthcare-associated infections or community-acquired infections. Therefore, antibiotic treatment should be selected after considering the severity of the infection, the causative diseases of urinary tract obstruction, the frequency of recurrence, history of healthcare-associated infections, and types of antibiotic resistance. In a recent multi-institutional study conducted in Japan, the most common causative bacteria of obstructive pyelonephritis associated with urinary stones was *E. coli*, followed by *P. mirabilis* and *K. pneumoniae*, and similar results were obtained from non-obstructive UTIs \[[@B129]\]. The mortality rate was 2.3%, and old age of 80 years or older, severe sepsis, reduced consciousness, and a single kidney were identified as risk factors of death \[[@B129]\]. The antibiotics for patients with pyelonephritis related to urinary tract obstruction may be empirically selected in accordance with the treatment protocol for general pyelonephritis. However, selection may need to be based on the treatment protocol for severe UTIs accompanied by sepsis \[[@B125][@B130]\]. It is advisable to use antibiotics in accordance with the treatment protocol for severe pyelonephritis and avoid the use of antibiotics that can induce nephrotoxicity. Fluoroquinolone, β-lactam/β-lactamase inhibitor, third-generation cephalosporin, aminoglycoside, and a carbapenem such as ertapenem may be used as early empirical antibiotics. However, *E. coli*, which induces UTIs in Korea, is highly resistant to ciprofloxacin, ampicillin/sulbactam, and gentamicin. Therefore, for UTIs accompanied by sepsis or recurrent UTIs, piperacillin/tazobactam, third- or fourth-generation cephalosporin, amikacin, and carbapenem are recommended as a priority. Some experts recommend antipseudomonal antibiotics in the early stage for severe infections suspected as sepsis or healthcare-associated infections. After beginning early empirical treatment using broad-spectrum antibiotics, the treatment should be readjusted according to obtained culture results. Before treatment, urine and blood culture tests should be performed. Although the duration of antibiotic use should be shortened as much as possible, the clinical reactions in each disease should be individually assessed since UTIs have various causes. If the causes of urinary tract obstruction are removed and there are no additional causes of infection, antibiotics are used for 7--14 days. If symptom improvement and treatment outcomes regarding urinary tract obstruction are unsatisfactory, the duration of antibiotic treatment may be extended to over 21 days.

② Is combination antibiotic therapy superior to monotherapy for adult patients with pyelonephritis related to urinary tract obstruction?

#### \<Recommendation\>

ⓐ If the identity of the causative bacteria and their antibiotic susceptibility are known in a patient with pyelonephritis related to urinary tract obstruction, monotherapy should be performed using commonly recommended antibiotics to which the causative bacteria are susceptible (level of evidence: low; recommendation grade: strong).ⓑ For severe infections suspected as sepsis, recurrent infections, or healthcare-associated infections, early empirical treatment should be enforced, and combination therapy may be considered (level of evidence: low; recommendation grade: weak).ⓒ In consideration of combination therapy, broad-spectrum β-lactams and aminoglycoside or fluoroquinolone may be used together (level of evidence: low; recommendation grade: weak).

\<Summary of evidence\>

There is not enough evidence to claim that combination antibiotic therapy is superior to appropriately performed monotherapy using antibiotics to which causative bacteria are highly susceptible. When the identity of the causative bacteria and their susceptibility are known, monotherapy using commonly recommended antibiotics is sufficient \[[@B130]\]. However, for severe infections suspected as sepsis, recurrent infections, or healthcare-associated infections, combination therapy may be considered. Data collected within Korea on ESBL-producing *E. coli* have shown that combined administration of piperacillin/tazobactam and amikacin produced similar results to those of carbapenem \[[@B131]\]. Although fluoroquinolone may be combined with piperacillin/tazobactam, antibacterial resistance to fluoroquinolone is significantly higher than that to amikacin \[[@B131]\].

③ Should urinary tract obstruction be treated in patients with pyelonephritis related to urinary tract obstruction? If yes, when is the appropriate timing for the intervention?

#### \<Recommendation\>

ⓐ Pyelonephritis related to urinary tract obstruction requires antibiotic treatment in addition to decompression of the urinary tract obstruction (level of evidence: high; recommendation grade: strong).ⓑ A patient diagnosed with pyelonephritis related to urinary tract obstruction requiring drainage or decompression requires interventions as soon as possible (level of evidence: low, recommendation grade: strong).ⓒ For hydronephrosis and UTIs accompanied by urinary stones, the percutaneous nephrostomy or urethral stent insertion should be performed as soon as possible (level of evidence: low; recommendation grade: strong).ⓓ For UTIs accompanied by urinary tract obstruction caused by prostatic hypertrophy, a urinary catheter should be inserted as soon as possible (level of evidence: low; recommendation grade: strong).

\<Summary of evidence\>

Pyelonephritis related to urinary tract obstruction requires antibiotic treatment and decompression. Acute urinary tract obstruction may urgently require decompression or even surgery. It is advisable to decompress using minimally invasive methods (such as catheterization, percutaneous nephrostomy, and ureteral stent insertion) initially and perform kidney resection as a last resort \[[@B130]\]. It has been reported that drainage and decompression should be performed promptly when they are needed and that the duration of the hospital stay significantly increased when drainage was delayed \[[@B129]\]. Although decompression and drainage are commonly performed in clinical settings, studies comparing and analyzing the differences between the effects and complications of the procedures are rare. For ureteral stones accompanied by hydronephrosis and UTIs, percutaneous nephrostomy is generally performed first. However, in a study comparing percutaneous nephrostomy and ureteral stent insertion, there were no differences in the treatment outcomes and complications between the two procedures \[[@B132]\].

The appropriate duration of catheter use in patients with acute urinary tract obstruction caused by prostatic hypertrophy has not been determined. Use of α-blockers (such as alfuzocin and tamsulosin) in the early catheterization period or at least 3 days before voluntary urination is attempted can increase the success of voluntary urination. If a catheter has been maintained over 14 days, suprapubic catheterization may be considered. Functional impairment caused by neurogenic bladder occurs as a result of pressure build-up within the bladder (overflow incontinence), or urinary retention, or both. Administration of a single anticholinergic agent in addition to infection treatment or combined administration of an anticholinergic agent and an α-blocker may be used.

④ For adult patients with pyelonephritis related to urinary tract obstruction, for how long should antibiotic treatment be performed following successful relief of urinary tract obstruction?

#### \<Recommendation\>

ⓐ If the causal factors of urinary tract obstruction are corrected, and there are no additional factors of infections for a patient with pyelonephritis related to urinary tract obstruction, antibiotics may be used for 7--14 days (level of evidence: low; recommendation grade: weak).ⓑ If treatment outcome, symptom relief, and urinary tract obstruction relief are insufficient, the treatment can be extended to over 21 days in accordance with the treatment protocol for renal abscesses (level of evidence: low; recommendation: weak).

\<Summary of evidence\>

There are currently no studies that compare appropriate antibiotic treatment durations for pyelonephritis related to urinary tract obstruction. If the causal factors of urinary tract obstruction are corrected, and there are no additional factors of infections, antibiotics are administered for 7--14 days \[[@B124][@B130]\]. In case of insufficient treatment outcome, symptom relief, and urinary tract obstruction relief, the treatment may be extended to over 21 days. If stones are not fully removed, long-term antibiotic treatment is considered.

⑤ Which empirical antibiotics should be used for patients suspected of having emphysematous pyelonephritis?

#### \<Recommendation\>

ⓐ For patients suspected of having emphysematous pyelonephritis, empirical antibiotics may be selected in accordance with the treatment protocol for uncomplicated pyelonephritis. However, in the case of severe clinical symptoms, antibiotic selection should be selected based on the treatment protocol for severe UTIs accompanied by sepsis (level of evidence: low; recommendation grade: strong).

\<Summary of evidence\>

The distribution of causal bacteria in diabetic patients with pyelonephritis or emphysematous pyelonephritis does not significantly differ from that of the causal bacteria of uncomplicated UTIs; therefore, *E. coli* is the most common causal bacterium \[[@B127][@B133]\]. However, the bacterial distribution differs between diabetic and non-diabetic patients, with *K. pneumoniae* being more common than *E. coli* in diabetic patients with pyelonephritis or emphysematous pyelonephritis. There is no clinical study comparing antibiotics to determine which empirical antibiotics should be used for patients with emphysematous pyelonephritis. It is recommended to use antibiotics in accordance with the treatment protocol for severe pyelonephritis and it is best to avoid nephrotoxic antibiotics. In a study on emphysematous pyelonephritis, *E. coli* and *K. pneumoniae* were the most common causal bacteria, as is the case among non-diabetic patients. Therefore, empirical antibiotics should be selected while considering the status of antibiotic resistance within each hospital.

⑥ Should percutaneous drainage be performed for patients suspected of having emphysematous pyelonephritis)? When should nephrectomy be considered?

#### \<Recommendation\>

ⓐ For patients suspected of having emphysematous pyelonephritis, antibiotics are administered if gas formation is localized in the kidney pelvis and there is no invasion in the kidney parenchyma. If there is invasion in the kidney parenchyma, percutaneous drainage or surgery should be performed in addition to antibiotic administration (level of evidence: low; recommendation grade: strong).ⓑ If gas formation has widely spread to the kidney, and there is no improvement even after percutaneous drainage, nephrectomy should be considered (level of evidence: low; recommendation grade: strong).

\<Summary of evidence\>

Antibiotics are administered only if gas formation is localized in the renal pelvis and there is no invasion in the kidney parenchyma \[[@B133]\]. If there is an invasion in the kidney parenchyma, percutaneous drainage or surgery should be performed in addition to antibiotic administration \[[@B133]\]. If gas formation has widely spread to the kidney, and there is no improvement even after percutaneous drainage, nephrectomy should be considered. In a study involving 48 patients with emphysematous pyelonephritis, the patients were divided into four groups based on their CT scans and then observed. Although 6% of patients died whose gas was localized in the kidney pelvis or parenchyma, and thus used antibiotics only, 21% and 50% of patients died whose gas formation had widely spread to the kidney or who had bilateral emphysematous pyelonephritis, respectively. Although 88% of the patients who underwent percutaneous drainage owing to symptom worsening survived, all those who were not operated died \[[@B134]\]. There is also a report that antibiotic administration alone improved symptoms in five patients with emphysematous pyelonephritis with gas formation localized in the renal pelvis \[[@B126]\]. A study on eight diabetic patients with emphysematous pyelonephritis who were treated with antibiotics and conservative therapy instead of surgery reported *E. coli* as the causative bacterium. Symptoms improved in all patients following antibiotic treatment, fluid therapy, and ureteral stent insertion \[[@B135]\]. In a study that analyzed 28 patients who were diagnosed with emphysematous pyelonephritis or emphysematous cystitis and underwent antibiotic treatment and percutaneous drainage, only one patient died, and the remaining patients were fully cured without any complications \[[@B136]\]. Of these 28 patients, 60% had diabetes, and the most common causal bacterium was *E. coli* \[[@B136]\].

5. Acute bacterial prostatitis {#sec5}
------------------------------

### 1) Background and epidemiology

Prostatitis refers to a group of various diseases from bacterial or non-bacterial prostatitis to chronic prostatitis pain syndrome. Prostatitis has a high prevalence. Approximately 10% of men suffer from symptoms of prostatitis, and 50% of men experience these symptoms at least once in their lifetime \[[@B137]\]. However, only 7% of these men have bacterial prostatitis with confirmed bacterial infection, whereas the rest have non-bacterial chronic prostatitis/chronic pelvic pain syndrome with an unconfirmed UTI \[[@B138]\]. In most cases, asymptomatic prostatitis is coincidentally diagnosed in patients with prostatic hypertrophy or prostatic cancer following a biopsy or surgery \[[@B139][@B140]\].

Prostatitis can be divided into four categories according to the National Institutes of Health ([Table 9](#T9){ref-type="table"}) \[[@B141]\].

###### Oral antibiotics and the duration of therapy for patients with acute uncomplicated pyelonephritis

![](ic-50-67-i007)

  Antibiotics                         Daily dose               Duration of therapy, days   References
  ----------------------------------- ------------------------ --------------------------- ---------------------
  Ciprofloxacin                       500 mg twice daily       7                           \[[@B99], [@B105]\]
  Ciprofloxacin, sustained released   1000 mg once daily       7--14                       \[[@B102]\]
  Levofloxacin                        750 mg once daily        5                           \[[@B101]\]
  Ceftibuten                          400 mg once daily        10                          \[[@B103]\]
  Cefpodoxime proxetil                200 mg twice daily       10                          \[[@B104]\]
  TMP/SMX                             160/800 mg twice daily   14                          \[[@B99]\]

TMP, trimethoprim; SMX, sulfamethoxazole.

###### Empirical intravenous antibiotics for inpatient treatment of patients with acute uncomplicated pyelonephritis

![](ic-50-67-i008)

  Antibiotics and dosing
  ----------------------------------------------------------------------
  Ciprofloxacin 400 mg iv twice daily
  Levofloxacin 500--750 mg iv once daily
  Cefuroxime 750 mg iv every 8 hours
  Ceftriaxone 1--2 g iv once daily
  Cefepime 1--2 g iv twice daily
  Amikacin 15 mg/kg iv once daily ± ampicillin 1--2 g iv every 6 hours
  Piperacillin-tazobactam 3.375 g iv every 6 hours
  Meropenem 500--1000 mg iv every 8 hours
  Imipenem-cilastatin 500 mg iv every 6--8 hours
  Doripenem 500 mg every 8 hours
  Ertapenem 1 g iv once daily

###### Prostatitis categories

![](ic-50-67-i009)

  Category               Description
  ---------------------- --------------------------------------------------
  I                      Acute bacterial prostatitis
  II                     Chronic bacterial prostatitis
  III                    Chronic prostatitis/chronic pelvic pain syndrome
  a\. Inflammatory       
  b\. Non-inflammatory   
  IV                     Asymptomatic prostatitis

This guideline discusses only acute bacterial prostatitis whose causes have been ascertained as bacterial and that requires antibiotic treatment.

In most cases, acute bacterial prostatitis is caused by *E. coli*, which also causes UTIs. *Pseudomonas aeruginosa* and *Enterococci* are common causes of healthcare-associated infections. The risk factors of acute bacterial prostatitis include urinary manipulation such as catheterization or anatomical anomalies such as benign prostatic hypertrophy.

### 2) Diagnosis

Acute bacterial prostatitis is a serious acute systemic disease. It can cause symptoms of UTIs such as painful urination, frequent urination, and urge incontinence; symptoms of prostatitis such as perineal pain, genital pain, painful urination, and rectal pain; and symptoms of bacteremia such as fever, chill, joint pain, and muscle pain \[[@B14][@B15][@B16]\].

Acute bacterial prostatitis is characterized by the sensation of heat around the prostate; a soft, swollen, and tense state of the prostate; and severe pressure pain during a digital rectal examination \[[@B141][@B142]\]. Complications of this infection include acute urinary tract obstruction, epididymitis, prostatic abscess, sepsis, and chronic bacterial prostatitis \[[@B143]\]. Progression to sepsis or chronic bacterial prostatitis can be prevented through appropriate treatment. Prostatic abscesses occur in 2--18% of patients with acute bacterial prostatitis and are especially common in cases of prostatitis that developed following urogenital manipulation \[[@B144][@B145]\].

Acute bacterial prostatitis is diagnosed upon the microbiological detection of pathogens in midstream urine. A blood culture test is performed to diagnose bacteremia. However, prostatic massage is contraindicated for patients with acute bacterial prostatitis as it can cause severe pain and induce bacteremia. Patients with acute bacterial prostatitis show elevated serum PSA levels, which can be relieved by antibiotic treatment. Transrectal ultrasonography or CT may be used to screen for prostatic abscesses.

### 3) Guideline by key question

① Is intravenous antibiotic treatment more effective than oral antibiotics for patients with acute bacterial prostatitis?

#### \<Recommendation\>

ⓐ Acute bacterial prostatitis is a serious acute disease requiring immediate inpatient management and empirical antibiotic administration (level of evidence: low; recommendation grade: strong).ⓑ Immediately after adequate samples are collected for urine and blood culture tests, intravenous antibiotics should be administered. The patient should be sufficiently hydrated and rested, analgesics such as NSAIDs may be administered if necessary (level of evidence: low; recommendation grade: strong).

\<Summary of evidence\>

There has been no meta-analysis or RCT on acute bacterial prostatitis. Antibiotics are the primary treatment choice for acute bacterial prostatitis \[[@B146][@B147][@B148][@B149]\]. Guidelines based upon domestic and foreign case reports, as well as expert opinions, recommend inpatient treatment and early empirical antibiotic treatment for acute prostatitis \[[@B145][@B150]\].

② Can fluoroquinolones be considered before third-generation cephalosporin in the selection of empirical antibiotics for treating acute bacterial prostatitis?

#### \<Recommendation\>

ⓐ For patients with acute bacterial prostatitis requiring hospitalization, third-generation cephalosporins, a broad-spectrum β-lactam/β-lactamase inhibitor, or carbapenem are recommended (level of evidence: low; recommendation grade: strong).ⓑ Administration of empirical antibiotics should continue until susceptibility test results are obtained, and antibiotics are adjusted according to the test results (level of evidence: low; recommendation grade: strong).

\<Summary of evidence\>

Early selection of empirical antibiotics is based on the ability to penetrate into the prostate tissue, local epidemiology of antibiotic resistance, and the identities of the suspected causative bacteria \[[@B151]\]. There has been no RCT on antibiotic selection and the duration of antibiotic use. Considering the resistance of the causative bacteria to fluoroquinolone in Korea, intravenous use of third-generation cephalosporins, a broad-spectrum β-lactam/β-lactamase inhibitor, and carbapenem is recommended \[[@B149]\]. When symptoms are relived following the administration of highly concentrated intravenous antibiotics, it is recommended to replace them with oral antibiotics to be administered for 2--4 weeks.

③ Is cephalosporin-aminoglycoside combination therapy more effective than monotherapy for patients with acute bacterial prostatitis?

#### \<Recommendation\>

ⓐ For severe infections suspected as sepsis or recurrent infections, combination antibiotic therapy may be considered as early empirical antibiotic treatment (level of evidence: low; recommendation grade: weak).ⓑ A combination therapy using β-lactams and aminoglycosides may be considered (level of evidence: low; recommendation grade: weak).

\<Summary of evidence\>

There is not much evidence supporting the inclusion of aminoglycoside in early empirical antibiotics. According to retrospective studies conducted in and outside Korea, combination therapy was effective for patients who had previously undergone manipulation of the lower urinary tract \[[@B145][@B152]\]. In Korea, *E. coli*, which is the causative bacterium of UTIs, has higher resistance to gentamicin and tobramycin than to amikacin. Therefore, amikacin, a type of aminoglycoside, is recommended for use in combination therapy.

④ Can the administration of medications such as α-blockers in patients with acute bacterial prostatitis improve treatment efficiency and outcome?

#### \<Recommendation\>

ⓐ Use of α-blockers is recommended if residual urine is observed after urination or if the patient complains of urinary symptoms (level of evidence: low; recommendation grade: strong).

\<Summary of evidence\>

Adjuvant treatment is necessary for relieving the symptoms of acute bacterial prostatitis. For pain and inflammation, NSAIDs are recommended \[[@B146]\]. For symptoms of lower UTIs, α-blockers are recommended. In Korea, α-blockers including tamsulosin, terazosin, alfuzosin, doxazosin, silodosin, and naftopidil have been used \[[@B153]\].

⑤ When urinary tract obstruction worsens or the residual urine volume increases in patients with acute bacterial prostatitis, should suprapubic catheterization be performed?

#### \<Recommendation\>

ⓐ The suprapubic catheter should be maintained in the presence of acute urinary tract obstruction (level of evidence: low; recommendation grade: strong).ⓑ In patients showing no evidence of urinary tract obstruction, urethral catheterization can increase the risk of progression to chronic prostatitis (level of evidence: low; recommendation grade: weak).

\<Summary of evidence\>

Urinary tract obstruction frequently occurs in patients with acute bacterial prostatitis. If the volume of residual urine increases or if acute urinary tract obstruction is suspected, immediate catheterization should be considered. Suprapubic catheterization that does not pass through the prostate is recommended \[[@B154]\]. Intermittent catheterization and urethral catheterization may also be used to alleviate urinary tract obstruction at the expert\'s discretion. However, since urethral catheterization can increase the risk of progression to chronic prostatitis in patients without any evidence of urinary tract obstruction, ureteral catheterization should be performed with caution \[[@B155]\].

⑥ When prostatic abscesses occur in patients with acute bacterial prostatitis, can puncture and drainage procedures improve treatment outcomes?

#### \<Recommendation\>

ⓐ For prostatic abscesses that do not respond to antibiotic treatment, transrectal ultrasound-guided needle aspiration, transrectal ultrasound-guided catheter drainage, perineal ultrasound-guided drainage, or transurethral abscess resection may be performed (level of evidence: low; recommendation grade: strong).

\<Summary of evidence\>

If a patient shows no clinical improvement despite undergoing appropriate antibiotic treatment, a prostatic abscess should be suspected, and transrectal ultrasonography or CT should be performed \[[@B156]\]. If prostatic abscesses are detected, surgical puncture and drainage through the perineal region or the urethra are considered \[[@B157]\]. When there is no response to aspiration and drainage, surgical resection of prostatic abscess can be performed.
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